Anthracnose, caused by Colletotrichum lindemuthianum (Sacc. & Magnus) Briosi & Cavara, is one of the most devastating diseases of common bean (Phaseolus vulgaris L.). The disease is common in mild and wet areas like northern Spain, where it causes severe economic losses in the locally grown fabada market class, the most widely planted in this area. Anthracnose control is difficult on cultivars of this market class because of their indeterminate climbing growth habit and the efficient transmission of pathogen by means of seed or plant debris. Incorporation of genetic resistance to this market class should be the most economical and effective method to control the disease.
With few exceptions (4), the bean host-C. lindemuthianum interaction generally shows qualitative inheritance in which each resistance gene protects against spe-cific races of C. lindemuthianum. So far, 11 genes conferring resistance to specific races have been described in common bean. Molecular markers linked to the majority of these genes provide a tool for the marker-assisted selection and gene pyramiding (7) . Most of these resistance genes are present in the set of 12 differential cultivars adopted to characterize the pathogenic diversity of this fungus (13) . Using this set, numerous races have been described throughout the world (1, 2, 10, 19) . However, there is little information on the pathogenic diversity for this fungus in northern Spain (10) .
The wide pathogenic variability of this pathogen and the emergence of new races complicate the development of resistant cultivars. Information about the local pathogenic diversity is essential before starting a breeding program focused on the protection of a local cultivar against this fungus. Moreover, there is a need to identify bean sources with resistance to multiple races of the pathogen for the long-term success of the breeding program. Local germplasm could provide useful sources of resistance that are adapted to specific environments (14, 18) . This article reports the pathogenic variability found in anthracnose isolates collected in northern Spain and the reaction of local common bean accessions and elite breeding lines to them. In addition, inheritance of the resistance against one race is studied. eased or dead plant (2, 23) . Plants with no visible symptoms or very small lesions were registered as resistant (severity scale 1 to 3). Seedlings with numerous small lesions on the leaves or stems were recorded as intermediate (severity scale 4 to 6). Seedlings with multiple lesions on the leaves and stems or dead plants were registered as susceptible (severity scale 7 to 9).
Race characterization. Samples of C. lindemuthianum were collected in different locations in northern Spain (Asturias, Lugo, Coruña, and Cantabria) during the period 1995 to 2000. Isolations were made according to Sicard et al. (19) from seed or pods of naturally infected bean plants. A monosporic culture was obtained from each isolate and kept in a stock of funguscolonized filter paper at -20°C (14) . Monosporic cultures were characterized using the standard set of 12 differential cultivars (13) . Ten seedlings per differential cultivar were inoculated for the race characterization. Pathogenic variants were named based on a numerical system where the name for a race was the sum of the binary value assigned to the susceptible differential cultivars (13) . The identity of each pathogenic variant was confirmed in several evaluations.
Germplasm evaluation. A monosporic culture of each race was used in the germplasm evaluation. At least 20 seeds per accession were planted in peat in plastic trays and maintained at 20 to 24°C in a greenhouse. In each inoculation, the set of 12 differential cultivars was incorporated as resistant or susceptible control scale for the evaluation. After 7 to 9 days, seedlings with fully expanded primary leaves were spray inoculated with the aqueous conidial suspensions. In order to confirm the resistance spectra, a second evaluation was carried out on local accessions that had resistance to at least three races and in all the breeding lines.
Inheritance of resistance. Three resistant lines, A252, A321, and A493, were selected as potential resistance sources against local races. In order to know the nature of resistance in the lines selected, three F2 populations were developed from crosses between these resistant lines and the susceptible cv. Andecha. The inheritance of resistance against one of the anthracnose races was investigated by means of the reaction of F2 and F3 plants. A minimum of 16 F3 seedlings derived from each F2 plant were evaluated in order to classify F3 families as having all resistant individuals (R), resistant and susceptible individuals (R/S), or all susceptible individuals (S). Simple disease inheritance was confirmed by using a χ 2 test.
RESULTS
Race characterization. In the period 1995 to 2000, 55 monosporic cultures derived from isolates collected in 36 locations in northern Spain were obtained. The reaction of differential bean cultivars revealed the existence of five pathogenic variants ( Table 1) : races 3, 6, 19, 38, and 102. The most common variant, race 38, was isolated from market classes with white and large seed (fabada, white kidney, canellini, and large great northern) whereas race 6 was isolated from fabada market class. Races 3 and 19 were isolated from snap bean cultivars and race 102 was isolated from a landrace included in a black turtle market class. Races 6 and 38 caused more rapid and severe symptoms on the susceptible differential cultivars. Isolates classified as race 19 caused few and very small lesions on TO and TU differential cultivars; sporulation was never observed on these lesions.
Germplasm evaluation. The responses of local landrace germplasm to the five races identified in the present work are summarized in Table 2 . Four types of reactions were distinguished in the accessions: resistant (R), in which all the plants evalu-ated were found to be resistant; susceptible (S), in which all plants showed severe disease symptoms; accessions with intermediate reaction (I), in which all plants were moderately susceptible; and accessions containing resistant and susceptible plants (R/S). Clear evidence of mixed reactions for the response to some strains was detected in a total of 40 local accessions, including the majority of the market classes. This suggests that there were at least two genotypes present in these accessions. Presence of resistant and susceptible materials within the same accession provides the opportunity to select resistant materials. In all, 41 accessions, including 10 market classes (azufrado, bayo gordon, black turtle, brown garbanzo, canellini, fabada, great northern, large great northern, marrow, and navy) were resistant to at least three races in two independent evaluations. Race 6 was virulent on most the landraces (80% of accessions were susceptible) whereas race 3 was virulent on a majority of the breeding lines. Races 6 and 38 were particularly aggressive on fabada accessions, causing severe symptoms and death of the seedlings in a few days. Nine accessions, including market classes navy (three accessions), great northern (one accession), and black turtle (five accessions) were resistant to races 6 and 38.
No local accession showed complete resistance to all five races identified in this study. However, three accessions were resistant to four races and presented intermediate or mixed reactions against the fifth one: accession V225, with a "large 19 ). Because of the limited number of resistance sources to the five races identified in the evaluation of local germplasm, the response of a set of lines derived from breeding programs was analyzed (Table 3) . Seven breeding lines (A43, A252, A321, A493, BAT 93, SEL1360, and SEL1308) and cultivars Catrachita and Amanda were resistant to five strains (R 3 R 6 R 38 R 102 R 19 ). The independent evaluation of each race showed a relatively high level of polymorphism in the resistance spectrum. Considering together the reaction against the five races, and only two reaction types per race (resistant or susceptible), 32 different resistant-susceptible combinations would be possible with five races. In the present work, 19 different combinations were identified in the local accessions evaluated, the most common ones being: S 3 Inheritance of resistance. In order to test the nature of resistance in lines A252, A321, and A493, the lines were individually crossed with cv. Andecha (R 3 S 6 S 38 R 102 R 19 ) and segregation for resistance to race 38 was evaluated on F2 plants. The results established that resistance in the three lines was qualitative because only two types of reaction, resistant or susceptible, were identified ( Table  4 ). The segregation obtained in the F2 populations involving lines A321 and A252 supported an expected 15R:1S ratio (χ 2 = 0.00, P > 0.05), indicating that resistance is controlled by two dominant loci. The segregation patterns observed in F2 populations derived from the Andecha/A493 cross supported an expected 3R:1S ratio (χ 2 = 0.22, P > 0.05), indicating that A493 carries a single dominant gene conditioning resistance to race 38. These results obtained in F2 populations were confirmed by the analysis of F3 families. In the case of segregations involving lines A321 and A252, the results showed a good fit to the expected ratio for two independent dominant genes (7R:8R/S:1S). In the case of the F3 families derived from Andecha/A493, the observed segregation showed a good fit to the expected ratio for one dominant gene (1R:2R/S:1S).
DISCUSSION
Pathogenic diversity analysis revealed the occurrence of five races in northern Spain. Races 3, 6, 38, and 102 have been identified previously in other countries of Europe and America (1, 2, 9, 10, 14, 19) . The extensive distribution of some races could be explained by the seedborne nature of this pathogen (22) and the intensive exchange of noncertified anthracnose-free seed among bean-producing regions.
According to morphological traits, phaseolin seed protein, and molecular markers, two principal gene pools have been described in common bean: Middle American and Andean gene pools (6, 20, 21) . Most landraces grown in the Iberian Peninsula are connected with the Andean gene pool (5, 17) . The five races identified in this work preferentially attack the Andean differential cultivars M.D.R.K., Perry Marrow, Kaboon, or Widusa (Table  1 ). Other works also found that races isolated from Andean cultivars showed a broader virulence on germplasm of this gene pool and a reduced virulence on Middle America cultivars, which suggests a co-evolution between the pathogen and the host (2, 19) . In this way, the evaluation reported by Balardin and Kelly (2) showed that races 3, 38, and 102 were also particularly virulent on Andean cultivars.
Independent evaluation of each race revealed the existence of a high level of polymorphism for the resistance spectrum. However, the 32 possible spectra were not found in the present work. Similarly, using six races, 20 resistance spectra were found Results of our studies identified several potential sources of resistance against anthracnose race 6 and 38 prevalent in northern Spain. On the one hand, the differential cultivar set can supply some resistance sources. Inheritance of anthracnose resistance present in the differential cultivar set is relativity known, and molecular markers linked to specific loci have been described (7) . The pathogenic variability found in this area suggests the use of cvs. Cornell 49-242, PI207262, AB136, or G2333 as sources of resistance. Differential cvs. TO and TU showed a resistant reaction with small symptoms for race 19 and they were not considered as potential resistance sources. The occurrence of race 9 and race Kappa (race 31) in Europe (3, 8) which overcome the resistance of Cornell 49-242, does not recommend the use of this material as a resistance source. Although very few races overcome the resistance of G2333, its utilization as a resistance source presents serious difficulties due to its photoperiod sensitivity (24) . On the other hand, the evaluation of local accessions also can supply some resistance sources. Although accessions with resistance to the five races were not identified, some materials could be useful. Crosses between accessions with complementary resistance spectra could be used to develop lines with wider resistance spectra. Accessions with resistance to races 6 and 38 would be potential resistance sources to protect the local cultivars such as Andecha, susceptible to these races. However, the usefulness of landraces is limited by the lack of information concerning their reactions against other races or the genetic control of the anthracnose resistance present in such landraces.
Nine breeding lines were resistant to the five races. Based on the seed phenotype, the results of other evaluations against different races, and the pedigree, three lines were selected as possible resistance sources to protect cv. Andecha: lines A493, A321, and A252. The three lines have a different origin and probably different loci are involved in the resistance. Lines A321 and A252, with small and colored seed, were developed from Carioca/Guanajuato 31 and (BAT561/G7474)/Guanajuato 31 crosses, respectively. Lines A321 and A252 presented a wide resistance spectra in the evaluation described by Manezes and Dianese (12) . Line A493 has a white seed phenotype (included in alubia market class) and it was derived from the Alubia/BAT93 cross (S. P. Singh, personal communication).
Resistance to race 38 is controlled by a single dominant gene in line A493 and by two dominant genes in lines A321 and A252. In the case of line A252, two resistant loci for race 38 previously were mapped to linkage groups B4 and B11 (15) . The results obtained by Méndez de Vigo et al. (11) implied that the resistance gene in the line A493 was located on linkage group B4. In addition, a co-segregation between the resistance to race 38 and race 6 was identified in both segregating populations (Andecha/A252 and Andecha/ A493), implicating the same chromosome regions or genes in the resistance (11, 15) .
The dominant nature of genes conferring resistance will make it easier to transfer them into cv. Andecha using backcross programs. The co-segregation for resistance to race 38 and race 6 in lines A493 and A252 makes it easier to develop resistant lines to both races. In addition, the availability of molecular markers linked to resistance loci on linkage groups B4 and B11 (11, 15) offers the opportunity to apply marker-assisted selection to enhance resistance in the local landrace cultivars.
